Abstract-Petroleum industry is the world's biggest energy source, and its associated industries such as production, distribution, refining and retail are considered as the largest ones in the world. Having the increasing price and governments job creation and international environmental policies, the petroleum companies try to maximize the number of created job, and their profit and minimize the air pollution simultaneously. To meet these objectives, an effective detailed and precise planning is needed. On the other hand, the dynamic environment and the presence of various stakeholders add to the complexity of planning and design of petroleum supply chain. Therefore, the multi-period, multi-objective, multi-level and multi-product dynamic sustainable competitive petroleum supply chain (DSCPSC) model taking into consideration the various stakeholders have been proposed in this paper. The proposed model is an MILP model and GAMS 24.1.2 software has been used to run it for a part of real petroleum supply chain data. Sensitivity analysis was then performed to determine the sensitivity of the results to the variation of the coefficients in objective function. Sensitivity analysis reveals that the highest variations of the objective function were observed with respect to the variable costs, facility installation costs and pipeline transportation costs.
I. INTRODUCTION
Petroleum supply chain (PSC) is a large network of facilities, infrastructures and complex processes from crude oil extraction to the delivery of the final product to the final customer. This network consists of downstream, midstream and upstream sectors in a wide geographical level in which there are many PSC network design decisions in strategic, tactical and operational levels. Obviously, the management and planning of such network of decisions is very complicated and difficult. Literature survey shows that much work has been done on PSC, in most of which a part of network design decisions shown in Table I have been studied. As observed, some of the PSC has been investigated by applying simplifying assumptions in most works thereby a general and optimal response has not been achieved. Consideration of all aspects of the problem clearly increases the complexity of the problem and the time required to solve it. Therefore, a balance must be kept between simplifying assumptions and problem complexity. As we know, one of the inevitable factors in PSC is the environmental regulations imposed on the network whereas only Ribas (2010) has considered environmental impacts as a constraint in his model [1] . On the other hand, since PSC is one of the industries requiring high investment, it can consequently lead to a high volume of employment. Therefore, consideration of employment planning in PSC is of special significance for governments. Maximization of employment and minimization of pollution are therefore important and inevitable factors together with profit maximization in PSC. Taking these three objectives into account at the same time forms the sustainable supply chain based on Carter and Rogers definition.
According to the Carter and Rogers sustainability definition, the strategic, transparent integration and achievement of an organizations social, environmental, and economic goals is the systematic coordination of key inter-organizational business processes for improving the long term economic performance of the individual company and its supply chain [2] . However, only Moradinasab et al. (2018) have considered these objects simultaneously [3] .
According to Table I , most researches have concentrated on planning models at the tactical level. Only Khosrojerdi et al. (2012) , Nasab and Amin-Naseri (2016) and Nasab et al. (2018) have considered both tactical and strategic levels in their studies [4] - [6] .
Another important factor is the presence of different stakeholders in PSC. As stated, PSC is a large network of different centers managed by various stakeholders, each looking to maximize their profits. As Table I shows, only Fernandes (2013) and Moradinasab et al. (2018) have imagined different stakeholders in their works while others have considered only one stakeholder in PSC. Moradinasab et al. (2018) have developed a sustainable competitive petroleum supply chain (SCPSC) model to minimize pollution while maximizing the profits and job creation. They have considered a government and private sectors as stakeholders which have noncooperative competition to determine their refined product prices. They have modelled the integrated petroleum supply chain by taking into account two approaches of capacity expansion including new facilities and pipelines installation and capacity expansion of the present facilities and pipelines. Integrated and simultaneous consideration of these two approaches is important in PSC [3] . According to Table  I , Al-Qahtani and Elkamel (2008) have studied only the capacity expansion of the facilities in PSC [14] . In addition, only 7 references have considered location and allocation of the facilities in the midstream sector (Table I) . As observed in the Table, the feature of reduced capacity or close down of facilities has not been considered in any of the researches. However, one of the important features in PSC is the possibility of close down or capacity reduction during different time periods. The major and important reason for this consideration is the high fixed and variable costs of existing facilities compared with new ones. This assumption makes the capacity reduction and close down of some of the existing facilities possible by increasing the PSC capacity via constructing new facilities and expansion of existing facilities during different time periods. Simultaneous consideration of all three approaches of new facilities construction, existing facilities expansion and capacity reduction and/or close down of the existing facilities is referred to as the dynamic design of supply chain [26] . Athough the dynamic design of supply chain is important in the petroleum supply chain supply chain because of the high fixed and variable costs for facilities, it is not investigated in any of the sudies which have done so far.
In this paper, multi-period, multi objective, multi-level and multi-product dynamic sustainable competitive petroleum supply chain (DSCPSC) in the presence of various stakeholders with shared facilities in the three levels of refineries, distribution centers and customers is proposed. Being strategic, the petroleum upstram sector including crude oil fields and storage teminals have not been consieded in this study. Since these sectors are critical and strategic for governments, they are kept under governement control and not privatized (i.e. they are ignored in the competitive petroleum supply chain). The decision variables in this model including location, new facilities and pipelines installation, capacity expansion in the existing facilities and pipelines, close down of facilities, inventory, production, imports, exports, routing and selection of transportation modes in strategic and tactical levels. In the model presented at the next sections the routing part has been defined as the shortest path between defined centers, while to have a more detailed model shortest traveling time and also the congestion of the routes can be added to it as well [27] .
In this work all the three aspects including installation, closing down and capacity expansion of the facilities and pipelines are studied at the same time which makes the presented model dynamic. Another aspect of the dynamism in the proposed model is associated with the distribution centers. Distribution centers are included in the shared resources of stakeholders, that means different stakeholders can use the same distribution center within the same time period, but the percentage of using a distribution center by stockholders can change within different time periods. Each stakeholder pays the costs of using a distribution center based on the percentage of using the center. In addition to optimal use of the capacity of a distribution center, one of the advantages of this approach is the minimization of each stakeholders expenses.
The optimization model generated for this problem is in MILP form, because it has shown its strength in providing a convenient way to capture most aspects of the different problems. That is why it is utilized in different modeling research fields such as path planning [28] , scheduling [29] , logistics [30] , dynamic control problems [31] , chemical processing [32] , pricing and inventory Control [33] and etc. Another advantage of MILP models is the existence of powerful solvers in the market such as CPLEX. A downside of MILP is the complexity of the model. Using integer variables makes the model NP-hard and increases the size of solution space exponentially. A technique to overcome this weakness is applying heuristic algorithms along with traditional MILP solving methods. For instance, rapid path planning algorithms such as [34] , [35] can be used when a part of the modeling are dealing with finding a shortest path between different facilities.
In this paper, the problem definition is given in the next section. Following the statement of problem assumptions, modeling is dealt with in section 4. Fuzzy planning for solving multi-objective models is presented in section 5. Finally, section 6 gives the numerical results obtained by executing the model and conclusions and suggestions for future researches are provided in section 7.
II. PROBLEM DEFINITION
In this work, petroleum supply chain is studied in three levels including refineries, distribution centers, and customer centers in presence of different stakeholders. Having various stakeholders in a network leads to competition between them. In this network, the demand of each customer domain can be met by different stakeholders which in this study are different supply chains. For optimal use of distribution centers, each of them is assumed to be owned by several stakeholders and each stakeholder paying the fixed and variable costs of the distribution center according to the portion of center capacity usage.
Profit maximization is one of the most common objective functions according to the literature survey. The environmental regulations and the significance of the increasing job opportunities make the minimization of the pollution, maximization of profit and job creation important for governments. These have not been paid enough attention in the literature, therefore this study emphasizes more on these objectives. The supply chain in which the objectives of minimizing the pollution, maximizing the job opportunities and maximizing the overall profit are modeled simultaneously, is called sustainable supply chain. Having different stakeholders, the DSCPSC model is used to study the petroleum supply chain in this work. The DSCPSC model optimizes the supply chain decisions for each stakeholder simultaneously, i.e. optimal locations for installing facilities (refineries, distribution centers and pipelines), capacities [6] expansions, the selection between the two installation and capacity expansion policies (refineries, distribution centers and pipelines), close down of the existing facilities (refineries, distribution centers and pipelines), inventory, pipeline route, selection of transportation modes, the amounts of crude oil and refined product and the amounts of import and exports.
In this work, different mode of transportation is available for stakeholders. They transport refined products such as gasoline, gasoil and kerosene from refineries to distribution centers by one of the transportation modes and ultimately sells it to the final customers.
III. PROBLEM ASSUMPTIONS
This section explains the problem assumption in DSCPSC mathematical model. The following assumptions help to convert a real problem to the proposed mathematical model:
1) The supply chain consists of the three levels of refineries, distribution centers, and final customers. 2) Customer demands are definite and clear.
3) The supply chain includes several levels and products and different transportation modes. 4) The location of the existing refineries, distribution centers and existing pipelines is fixed and may not be changed.
5) Capacity expansion may be performed in existing refineries, distribution centers and pipelines and not in new facilities and pipelines. 6) Closing down the facilities may occur in existing refineries, distribution centers and existing pipelines and not in new facilities and pipelines. 7) The stream of refined products is categorized into three parts in this supply chain. These categories and the corresponding modes of transportation are as follows:
• Transportation between refineries and distribution centers, which are carried out by roads, rail and pipelines.
• Transportation between distribution centers, which are carried out by roads, rail and pipelines.
• Transportation between distribution centers and final customers, which are carried out by roads and rail.
8) New pipelines may be constructed in the first and second transportation categories. 9) The number and type of storage tanks for each refined product in each distribution center are determined according to the input stream into the distribution center. 10) The distribution centers may either export or import the refined products. 11. The costs of capacity expansion, construction and closing down an existing facility and the fixed and variable costs for each type of facility are known given its capacity. 11) The inventory holding costs for each of the facilities in each time period have been considered in this supply chain. 12) A part of the inventory is kept as the confidence inventory in each facility to prevent shortages. 13) All possible levels of capacity for new refineries, distribution centers and pipelines are known. 14) All possible levels of capacity expansion for existing refineries, distribution centers and crude oil pipelines are known. 15) In addition to economical profit function, two other functions including minimization of pollution and maximization of job creation have also been considered. 
IV. PROBLEM MODELING
According to Equation 3 , which shows each of the stakeholders expenses, the first and second relations represent the installation cost of new refineries and distribution centers, respectively. Capacity expansion costs of existing refineries and distribution centers are given by relations 3 and 4. Closing down cost of existing refineries are shown by relation 5 and relations 6-8 show installation costs of new pipelines. Capacity expansion cost of existing pipelines are calculated using relations 9-10. Installation cost of new storage tanks in distribution centers are obtained by relation 11. The facilities constant and variable costs are given by relations 12-17. Relations 18-19 are used to obtain inventory costs of new and existing refineries and distribution centers. The costs of refined products transported between refineries and distribution centers to the final customers (i.e. is done by one of the transportation modes) are determined using relations 20-25. Product importation cost are calculated using relation 26. Finally, employment costs for refineries and distribution centers are obtained using relation 27. 
B. Model constraints
Several constraints have been considered in this model, as follows:
1) Network design constraints :
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) ∀t ∈ T, p ∈ P, e ∈ E, l ∈Ĺ e (80) According to inequalities 6 and 7 , at most one facility (refinery or distribution center) at a given capacity level is selected by a stakeholder in each candidate site. The number of storage tanks for each refined product (p) in each distribution center is determined only once in the model, as shown by relations 8-9. Constraints 10 and 11 show that only one capacity expansion with a known capacity level and only by one stakeholder takes place in each refinery or distribution center, respectively. Similarly, considering constraints 12 and 13, for each pipeline from refineries to distribution centers and between distribution centers, respectively, only one capacity expansion with a known capacity level and only by one stakeholder takes place. Constraint 14 shows that a refinery closes down only once during modeling periods. It must be pointed out that, once the refinery was closed down it may not be opened again. As stated in the problem definition section, distribution centers are shared sources and are simultaneously used by several stakeholders. ξ t,e l indicates the share of stakeholder e in the distribution center l during time period t and is less than one for each stakeholder according to constraint 15. Constraint 16 shows that the sum of stakeholders shares in a distribution center must be less than one. Constraint 17 shows if a distribution center is decided to be closed down within time periods, it should not be expanded. Input streams to existing refineries and distribution centers are limited to their current capacity and the capacity expansions is performed on them based on equations 18 and 19. According to inequalities 20 and 21, the stream between refineries and distribution centers must fall within a certain range (between the defined minimum and maximum amounts of stream). Therefore, a refinery or distribution center is constructed if the stream from the refineries to the distribution centers is greater than minimum defined stream to each refinery and distribution center. In addition, if and only if a distribution center is constructed, the refined products are stored in it, which is shown by Equation 22 . The transportation of refined products between refineries and distribution centers takes place by one of the transportation modes of pipeline, road or rail. Constraints 23-29 show the streams of refined products and selection of transportation modes between existing refineries and distribution centers. Constraints 30-35 show the streams of refined products and selection of transportation modes between new refineries and distribution centers. Constraint 36 shows that the sum of the product streams passing through a pipeline must be smaller than its capacity. Relations 37-47 are similar to constraints 23-35 and are used to determine the streams of refined products and select the transportation mode between two distribution centers. Similar to constraint 36, constraint 48 shows that the sum of the product streams passing through a pipeline must be smaller than its capacity. The refined products are transported from the distribution centers to customers via road and rail modes, but not pipelines. The selection of transportation mode between distribution centers and customers is determined by relation 49.
Constraint 50 shows transportation mode capacity. The maximum number of available facilities from each transportation mode is shown by equation 50. Constraints 51-55 show that the stream between a refinery and distribution center exits if and only if new refineries and distribution centers are constructed. According to inequality 56, the sum of storage tank capacities in each distribution center must be lower than its capacity. Constraints 57-60 show that a new pipeline to or from a new facility is constructed if and only if those new facilities are constructed. Constraint 61 shows the limitation of oil stream input to refineries to the crude oil extracted from oil fields. Constraints 62-68 have been defined to prevent loop formation. Considering constraint 69, the demand of each area customer for each product must be supplied by all the stakeholders. The amount of refined products supplied to the final customers by each stakeholder must be equal to the demand planned for each stakeholder, which is shown by inequality 70. Equations 71 and 72 show that the amount of input stream to each facility must be equal to the corresponding output. The inventory stored in each facility must be less than the storage capacity of the facility, which is shown by Equations 73-76. In addition, the inventory stored in each facility must be greater than the defined minimum inventory, which is shown by Equations 77-80. HEELé n,lev,t en,l ∀t ∈ T, e ∈ E, lev ∈ LEV, k ∈ K e (87) According to Equation 81, the number of required labor force in each time period must be smaller than the number of available people. The number of available labor force in a time period is obtained by subtracting the number of required labor force from the number of available labor force in the previous period and adding the number of new standby labor force, which is shown in Equation 82. The number of required labor force in each time period, which is the number of labor force employed in the refineries and distribution centers, is obtained from Equation 83. According to Equations 84-87, the number of required labor force in each refinery and distribution center must be equal to the number of employees. Equation 88 is referred to as coverage constraint, based on which the sum of constructions, capacity expansions and existing facilities in each area must be less than the minimum defined for that area.
3) Coverage constraint: Bellman and Zadeh proposed fuzzy theory for uncertainty management for the first time [36] . The concept of fuzzy theory with appropriate objective functions was used by Zimmermann for solving multi objective, linear programming. This method can consider minimization of some objective functions along with maximization of other objective functions to establish a balance between them [37] . In other words, fuzzy approach can be used to obtain unique responses for multi objective optimization problems. Consider a mathematical programming problem with two objective functions such as Equation 89:
subject to :
(89) The steps corresponding to fuzzy theory for solving a multi objective problem are as follows:
Step 1: Only one objective function is maximized with all constraints at each time, as follows:
subject to : subject to :
The results of solving models are called f * and g * .
Step 2: Only one objective function is minimized with all constraint at each time, as follows:
The results of solving models are called f − and g − .
Step 3: Finally, the objective functions are obtained using Equations 92 and 95 based on f(x) and g(x) functions, which are maximization and minimization objective functions, respectively.
These objective functions must be greater than λ. Therefore, the multi objective, linear programming model is modeled using fuzzy programming as follows: max λ subject to :
Multi-period, multi objective, multi-stakeholder, multilevel and multi-product DSCPSC model is converted into a single-objective problem via fuzzy approach using the above linear programming model.
VI. NUMERICAL RESULTS
As stated, the multi objective, multi-stakeholder, multilevel and multi-product DSCPSC model is an MILP model in which the outputs are flow rates, installation of new facilities, expansion of existing facilities, installation of new pipelines, expansion of existing pipelines, exports, imports, determination of each of the stakeholders share of distribution centers, inventory and selection of transportation modes for each of the stakeholders. Three stakeholders have been considered in the model. Since the proposed model is a multi-objective model, fuzzy programming technique is used to solve and convert it to a single-objective model. Therefore, three objective functions are converted into one and three constraints are added to the model constraints. The model is thus solved using GAMS 24.1. As observed, the corresponding pipeline and facility construction and expansion, inventory and fixed and variable Figure 2 , the amounts of products transported by the first stakeholder are greater than those by the second and third stakeholders. This verifies the differences between transportation costs in different stakeholders in Figure 1 .
Sensitivity analysis is performed for further study. The objective of performing sensitivity analysis is the investigation of analysis results and the analysis of their variations to parameter changes. The variations in results with objective function coefficient changes (cost parameters) have been considered in sensitivity analysis.
Given that parameter changes individually lead to small changes in the objective function in this problem, the parameters are divided into 8 groups and the variations in the objective function with changes in each group of parameters have been studied (Table III) . Each of these examples studies the variations of a group of parameters. The comparison of the values of the objective function in each of these examples with the corresponding optimal values is shown in Table III .
The percentage changes of the objective function for each of the first, second and third stakeholders are shown in Figures 3, 4 and 5, respectively.
As seen, with a 30% change in parameters, for all three stakeholders, the highest change in the objective function value is in the 2.5-4% range, which corresponds to the variable cost group. In addition to variable costs, the highest changes in the objective function correspond to the variations in facility construction and transportation costs. The 
VII. CONCLUSIONS
Multi-period, multi objective, multi-level, multistakeholder and multi-product DSCPSC model has been investigated considering the competition between different stakeholders using job creation maximization, profit maximization and pollution minimization objective functions. The proposed model is an MILP model. In addition to different stakeholders, the dynamic design of the supply chain has also been considered. Dynamic design of the supply chain simultaneously considers all three approaches of new facility construction, expansion of existing facilities and capacity reduction and/or facility close down. The other aspect of dynamism is related to the distribution centers in this model. Distribution centers are one of the sources shared between stakeholders. Different stakeholders can use a distribution center within a period of time and pay its expenses according to their use of the distribution center. In addition to the optimal use of the capacity of a distribution center, another advantage of this approach is the minimization of each stakeholders expenses. Considering that the model is a multi-objective one, fuzzy approach has been used to convert it to a single-objective model. The proposed model was executed using GAMS 24.1.2 software for a part of the real PSC data. Sensitivity analysis was then performed to determine the sensitivity of the results to the variation of the coefficients of objective function (cost parameters). According to the sensitivity analysis, the highest variations of the objective function were observed with respect to the changes in coefficients of variable, facility construction and transportation costs. The reason for this observation is that these coefficients make up a great part of the whole costs for each of the stakeholders.
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Percentage of the usage of distribution center l by stakeholder e during time t (t ∈ T, e ∈ E, l ∈ L) RLab lev,t en Number or required labor forces in level lev during time t(t ∈ T, en ∈ EN, lev ∈ LEV ) ALab lev,t en Available labor force with education level lev in area en during time t (t ∈ T, en ∈ EN, lev ∈ LEV ) A-6: Binary variables 
